In vitro unfolding of retinol-binding protein by dithiothreitol. Endoplasmic reticulum-associated factors.
HepG2 cells in the presence of DTT synthesize fully reduced serum retinol-binding protein (RBP) within the endoplasmic reticulum (ER). Upon removal of DTT, RBP forms disulfide bonds and a folding intermediate, compact II, accumulates within the ER. Compact II RBP co-migrates on nonreducing gel electrophoresis with the secreted form of RBP but is differentiated from secreted RBP by its sensitivity to DTT-induced unfolding (see accompanying article; Kaji, E. H., and Lodish, H. F. (1993) J. Biol. Chem. 268, 22188-22194). Here, we have reconstituted DTT-induced unfolding of compact II RBP in a broken cell system and demonstrate that ER-associated factors enhance the unfolding of RBP by DTT. Protein disulfide isomerase is likely to be one such factor since it enhances the rate of RBP unfolding by DTT in vitro; protein disulfide isomerase-induced unfolding requires the absence of retinoids, similar to the DTT-induced unfolding in vivo. ATP enhances the unfolding of RBP in the absence but not in the presence of retinol, both in intact and broken cells. Thus, protein disulfide isomerase and other ATP-dependent factors can unfold partly folded (or misfolded) RBP in the ER, suggesting how improperly folded proteins might be correctly refolded in vivo.